Objective -
The anomalous origin of the left coronary artery (AOLCA) from the pulmonary trunk, is a well described, although rare, congenital anomaly, with an incidence of about one case for each 300,000 live births 1 . This condition is more often characterized by a single origin of the whole left coronary artery (LCA) from the posterolateral wall of the pulmonary trunk 2 . Patients suffering from this anomaly usually show findings consistent with heart failure in the first few months of life and their survival depends on early surgical management 3, 4 . The currently used techniques for the correction of this anomaly include aortic implantation of LCA 5, 6 , as well as the construction of an intrapulmonary tunnel connected to the aortic wall 7 . Both techniques are performed under extracorporeal circulation. The objective of this report is to present our experience with this curious anomaly, with an emphasis on the clinical and surgical aspects, as well as to analyze the midterm results after surgical intervention.
Methods
Available records from 11 patients with AOLCA operated upon at the Royal Brompton Hospital, London, between October, 84 and April, 97 were retrospectively reviewed. Eight (73%) patients were female. All clinical information was recorded. Electrocardiogram (ECG), chest X-ray and echocardiogram were obtained from all patients before surgery. Seven patients underwent hemodynamic study. Among the nine infants, eight were operated upon between the 2 nd and 6 th month of life and one was operated upon in the 10 th month of life. Two other children were operated upon when they were 6 and 12 years old. The clinical and laboratory findings used in the analysis of the results were those obtained during the last outpatient visit. All patients survived the surgery. The postoperative follow-up time ranged from 3 months to 11 years (mean = 4.6 years), and the patients' age at the time of the study ranged from 2 to 14 years (mean = 6.6 years).
Results
Preoperative evaluation -The 11 patients studied were symptomatic: nine infants had heart failure; in eight of these, the diagnosis of heart failure was made between the 1 st and 3 rd months of life and in the remaining patients this diagnosis was made during the 5th month of life. Two other children showed late clinical findings: one had chest pain, which started at three years of age and another six-year-old girl had dyspnea on exertion. Among the nine infants with heart failure, 5 (55%) apparently had episodes of angina, charac-terized by crying episodes with diaphoresis and pallor, and 8 (88%) showed a systolic murmur consistent with mitral regurgitation.
The electrocardiogram showed a mean QRS axis between 0° and -60° in seven patients (64%), a mean QRS axis between +30° and +60° in three patients (27%) and, in one patient, this axis could not be determined. All patients with heart failure showed a pattern of ischemia/necrosis in precordial leads. A deep Q wave in lead AVL was noted in 10 (91%) patients, and 9 (82%) patients showed absence of Q wave in the lower leads ( fig. 1) .
The chest X-ray showed a normal cardiac silhouette in the two oldest children, but, in all infants, an enlarged cardiac silhouette with variable degrees of pulmonary venous congestion was found ( fig. 2 ). In the echocardiogram, an anomalous LCA was made detected in 7 (64%) patients. In 2 patients, the left ventricular function was normal, and in the 9 infants, it was made obviously abnormal. The ejection fraction, calculated in 4 patients, ranged from 0.21 to 0.31.
A hemodynamic study was performed in 7 patients, either because they showed equivocal echocardiographic findings in the beginning of our experience or in order to confirm the diagnosis and obtain a better anatomical definition. The usual finding was a dilated right coronary artery (RCA) with a normal aortic origin that communicated with the LCA through collateral circulation. The anomalous artery draining into the pulmonary artery was documented during the late phase of injection into the RCA or through direct injection into the pulmonary artery ( fig. 3 ) (tab. I).
Surgical therapy -The weight of the infants at the time of the surgery ranged from 3.4 to 5.0 kg (mean = 4.5kg), and the other remaining patients weighed 20 and 65kg. During surgery, it was noted that the LCA originated from the left posterior wall of the pulmonary artery in 6 patients, from the lateral wall in 2, and from the posterior wall in one. Two patients lacked a description of this origin. Six patients received an aortic implantation of the LCA, and 5 were operated upon according to the Takeuchi technique 7 . The latter consists of the creation of an aortopulmonary window that makes the communication of the anomalous LCA with the aorta. In 5 patients, the immediate postoperative period was uneventful. Four patients showed persistent signs of reduced cardiac output and two of these remained with their chests opened for 3-5 days. Two patients showed phrenic nerve palsy and another had atrial premature beats.
Late follow-up -All patients are alive. Among the 9 infants who showed heart failure before surgery, eight are asymptomatic, but one patient recently operated upon still shows symptoms and receives daily captopril. A heart murmur was found in 9 patients, including the 5 operated upon according to the Takeuchi technique.
The ECG showed marked improvement in the pattern of ischemia/necrosis in the infants. One patient had a normal ECG, but 10 still showed some abnormalities, such as persistence of Q wave in lead AVL, left ventricular hypertrophy, ST segment abnormalities and QRS axis deviation to the left. The deep Q wave in lead AVL observed in 10 patients before surgery returned to normal values in 5 patients ( fig. 1 ).
The chest X-ray showed a normal cardiac silhouette in 7 patients, including the 6-year-old and 12-year-old patients with normal chest X-ray before surgery. In 4 patients, there was a reduction in the cardiac silhouette compared to the pre-operative aspect, although this parameter was still abnormal ( fig. 2 ).
The 6 patients who received aortic implantation of the LCA did not require an additional surgery. Among the 5 patients operated upon according to Takeuchi technique, 2 were reoperated upon due to the development of severe supravalvular pulmonary stenosis (80 and 100mmHg gradients), and two other patients showed a 20mmHg gradient across the right ventricular (RV) outflow tract.
The normal origin of the LCA was documented in all the 10 patients who had a postoperative echocardiogram. Left ventricular function was normal in 9, and a recently operated upon patient still showed ventricular dysfunction. CN-case number; F-female; M-male; Age surg-age at the time of the surgery; Age st-age at the time of the study; ∆t Seg-time frame between surgery and study; y-years; m-months; CHF-congestive heart failure; Dysp-dyspnea; SM-systolic murmur; QRS L-QRS axis deviated to the left; STa -ischemic/fibrotic segment ST-T abnormalities; N-normal; CM-cardiomegaly; ? -equivocal echocardiographic origin of the LCA from the pulmonary trunk; Cat-hemodynamic study. Four patients had slight supravalvular pulmonary stenosis (gradients between 12 and 20mmHg), 2 of them after Takeuchi surgery. Mild mitral regurgitation was detected in 2 patients. Five patients underwent another cardiac catheterization. All had a normal origin of LCA, and one had mild supravalvular pulmonary stenosis ( fig. 3 ) (tab. II).
Discussion
The AOLCA from the pulmonary trunk is a well described, although rare, congenital anomaly in humans and, interestingly, in guinea pigs (hamster of Syrian origin) 8 . First, it must be noted that recent reports have presented equivocal information on historical data regarding this entity. Krause, in 1865 9 , and Brooks, in 1886 10 , were the first authors to report AOLCA. These reports, however, described an accessory coronary artery originating from a pulmonary artery and connected to 2 coronary arteries with a normal aortic origin. The first detailed description was given by Abrikosoff in 1911 11 . Later, Bland et al 12 in 1933, described a condition currently known as Bland-WhiteGarland syndrome, including in their study the angina-like findings, the important electrocardiographic abnormalities and also the presence of cardiomegaly related to the AOLCA.
Many reports have been published in the literature since then, describing mainly the surgical experience with this anomaly. In most cases, there is a single defect, although some studies show that this condition is occasionally associated with an atrial septal defect 14 , coarctation of the aorta 15 and also with multiple anomalies 16 . In most patients, the LCA originates from the left posterior wall of the pulmonary trunk and, occasionally, variations of its trajectory may be surgically relevant 17 . The unique pathophysiology in this situation was precociously understood: after the decrease of the arterial pulmonary pressure during birth, the flow through the LCA becomes retrograde 18 and distal coronary perfusion becomes dependent on an adequate collateral circulation between the RCA and the LCA. This situation usually does not preserve the myocardium, leading to variable degrees of necrosis 19 . These children usually show clinical findings of severe heart failure secondary to myocardial damage soon after the first month of life. Clinical findings resemble those of dilated cardiomyopathy and the diagnosis of AOLCA must be always remembered, especially in the presence of ischemic electrocardiographic abnormalities. Another extremely rare entity that must be remembered under these circunstances, since it can be operated upon, is the congenital atresia of the LCA's ostium. In this disease, clinical as well as electrocardiographic findings resemble those of the AOLCA 20 . The occurrence of severe myocardial ischemia due to AOLCA in the first days of life is exceptionally rare, but it has been reported 21 . Overall, anticongestive medication is used temporarily and, as soon as the diagnosis is confirmed, surgical correction is advised, in order to preserve the myocardium.
Since the first report of LCA ligature 22 in 1959, considerable advances have been made in the surgical techniques employed in these cases. Procedures such as myocardial revascularization and anastomoses of the LCA to the right or left subclavian artery have been employed, but their interest is currently considered exclusively historical [23] [24] [25] [26] . The objective of modern heart surgery is to establish a system with 2 coronary arteries, either through the direct aortic implantation of the anomalous LCA, initially described by Neches in 1974 5 , or through the Takeuchi technique, described in 1979. In this ingenious procedure, a tunnel is constructed within the pulmonary artery in order to allow the communication of the LCA with the aorta through an aortopulmonary window 7 . Overall, the worldwide experience in the treatment of this anomaly is encouraging. Lambert et al 27 described the midterm results in 39 cases. There were 5 deaths during hospitalization, no late deaths, and abnormal contractility of the ventricular wall was observed in 39% of the cases. In 1988, Kakou et al 28 presented the results of the study of 21 patients, reporting an increase in early mortality due to delayed surgery.
In spite of the lack of investigations with large numbers of patients, the national experience is relevant and noteworthy. The first surgical case appears to have been reported in 1976 29 . Subsequently, case reports emphasizing specific aspects such as surgical technique 30 , presentation in adult life 31 , benefits of early surgery 32 , atypical origin of LCA from the pulmonary artery branches 17 , and simultaneous mitral surgery and correction of AOLCA 33 have been gradually documented. More recently, the simultaneous occurrence of stroke 34 and mitral valve replacement 35 was reported in 2 patients who received aortic reimplantation of the LCA.
The material of this study represents a successful experience with 11 patients operated upon early (9 infants) or at the time the diagnosis was established (2 children). With regard to preoperative data, it is interesting to note that 2 of our patients showed late clinical findings, with few symptoms and slightly abnormal ECG. This is not common in this condition. In spite of the difficulty in diagnosing angina, this finding (55%), as well as a systolic mitral murmur (88%), were common, as previously described 12 . The ECG is a well-known valuable element in the diagnosis of AOLCA. In our cases, the marked incidence of left electric axis deviation (64%), the pattern of ischemia/necrosis in infants (100%) and the presence of a deep Q wave in lead AVL (91%) are important findings with regard to the diagnostic suspicion. The absence of Q wave in the lower leads, recently descri-bed as a relevant diagnostic criterion 36 , was also often noted in our patients (82%). It must be remembered that atypical electrocardiographic findings may mask this disease when it is associated with lesions causing significant increase in pulmonary flow 13, 14 . Anomalous LCA is usually detected by echocardiography (64% of our cases), and the left ventricular function is often significantly impaired. The hemodynamic study may occasionally be necessary in order to diagnose the disease or confirm the echocardiographic findings, as occurred with 7 of our patients in the beginning of our experience.
The surgical treatment of this anomaly brings unquestionable benefits and, in recent years, a wide array of reports were published on these surgical approaches 2, 27, 28, [37] [38] [39] [40] . The importance of early surgical intervention is well documented, and its objective is to interrupt the development of myocardial damage. All the infants in our study were operated upon during the first year of life (eight were operated upon between the 2 nd and 6 th month of life), and none of them died. The origin of anomalous LCA from the pulmonary trunk is usually located in the left posterior wall. This was supported in our study and also in the study by Moraes et al 2 , which includes some of our patients. With regard to the technique employed for the correction of this anomaly, the aortic implantation of the LCA seems a very logical approach and it was performed in 6 of our patients. Recently, a technical detail was des-cribed 41 , which may facilitate the use of this technique. Attention must be paid to the potential development of immediate postoperative complications, mainly the persistence of low cardiac output. This occurred in 4 of our patients and can usually be managed by an intensive postoperative therapy.
The surgical approach provides encouraging results. We consider noteworthy the fact that 8 of the 9 infants in our study were asymptomatic during the last outpatient visit. This is probably related to the fact that surgery was performed early in the disease, allowing a faster myocardial recovery. Focus has been given to the importance of early surgical intervention 37 . Sauer et al 42 considered that an early age at the time of the surgery constitutes an important risk factor. This fact must not be valued. The benefits of the surgical approach include, in addition to an increase in survival, the disappearance or marked improvement of the ischemia/necrosis pattern in all the infants in our study, although some slight abnormalities were still present in the ECG tracings.
In regard to the need of an additional surgery, we found that the 6 patients who received aortic implantation of LCA did not require a second surgical intervention. However, among the 5 patients operated upon according to the Takeuchi technique, 2 were precociously reoperated upon due to the presence of severe pulmonary supravalvular stenosis, and 2 additional patients showed a 20mmHg gradient across the right ventricular outflow tract. In spite of this small number of patients, we believe that the direct aortic implantation of the LCA should be the procedure of choice. Although, in some cases, this technique may be difficult to perform 43 , other authors believe that this is a viable procedure in any case 2, 28 . The left ventricular function, usually assessed by the echocardiogram, is another important aspect to be considered during the follow-up of these patients after surgery. An interesting study recently published shows that, in spite of the presence of electrocardiographic abnormalities, the exercise performance tends to be preserved, as shown by a negative thallium scintigraphy 44 . Carvalho et al 45 found, in a detailed echocardiographic study, that the global ventricular function returned to normal levels after surgery, a finding that seems to be common in these cases. Bunton 40 and, more recently, Jin 46 , also documented these findings. In spite of these optimistic data, new techniques such as scintigraphy under dipyridamole stress 47 and dobutamine stress echocardiography 48 have been considered useful in the detection of myocardial perfusion and contraction abnormalities. However, more detailed studies are needed to confirm these findings. Little has been discussed about mitral valve function after surgery. Some reports try to relate the impaired function of this valve before surgery with a poor outcome after surgery 49 . During late follow-up, as described 50 , some patients may show severe mitral regurgitation secondary to preoperative ischemia, occasionally requiring valvular replacement.
In conclusion, we would like to confirm that AOLCA is a rare anomaly and that these patients tend to show early clinical findings, such as heart failure and marked electrocardiographic abnormalities. The echocardiogram usually establishes the diagnosis; however, hemodynamic studies may be required. In spite of the small sample size of our study, aortic implantation of the LCA seems to be a viable approach and should be the procedure of choice. Takeuchi's surgery should be the second option and the possibility of an obstruction of the right ventricular outflow tract must be remembered. Surgery must be performed early, aiming to preserve myocardial function, which tends to return to normal levels after surgery in the short-term. We believe that additional studies of this anomaly should focus on the surgical results of a larger number of patients in order to confirm the possibility of achieving very favorable outcomes, such as those presented here. The actual incidence of pulmonary supravalvular stenosis after Takeuchi's surgery, as well as the left ventricular function in adult life, must be determined.
Limitations of this study -The sample studied is not representative of the overall experience of the institution. However, the information obtained during the data collection period shows the probable occurrence of 2 or 3 additional cases, thus completing the whole sample. The electrocardiographic documentation is not optimal because only copies of the electrocardiographic tracings were available. We believe, however, that ECG analysis could be performed without impairing the conclusion. The echocardiographic evaluation of the left ventricular function is incomplete due to the absence of these values in the exams obtained. The study tended to value primarily the qualitative aspect of the contractility of the left ventricle.
